Résumé. 2014 On montre que les ondulations thermiques des couches fluides, dont la résistance dépend de Abstract. 2014 Thermal undulations of fluid layers, whose strength depends on layer rigidity, are shown to reduce the effective rigidity. The decrease is calculated in a first-order approximation for weak rippling. The undulation modes are defined as director waves so that the curvatures satisfy the superposition principle.
Introduction.
Curvature elasticity is a useful concept to understand some of the properties of fluid layers. It permits the theoretical treatment of vesicle shapes [1] , in particular the analysis of bserved contours [2] . It also provides criteria for the stability of the various structures formed by fluid bilayers and monolayers [3] . A striking .
property of such layers is their tendency to perform -pronounced out-of-plane fluctuations. The strength of these thermal undulations or ripples is mostly controlled by curvature elasticity and lateral tension [4] [5] [6] [7] [8] . The shape fluctuations of giant vesicles. which may be regarded as long-wavelength undulations, are visible in optical microscopy. The thermal undulations have been shown, at first theoretically [9] [10] [11] , to induce a repulsive steric interaction or, to use another name, undulation forces between fluid bilayers. A review of curvature elasticity and out-ofplane fluctuations of fluid membranes has been written by Petrov and Bivas [12] .
The bending rigidity K, which is one of the elastic moduli of fluid membranes, was measured for egg lecithin [13] [14] [15] and three synthetic lecithins' [16] by means of vesicular shape fluctuations. The rigidities (K ;--2 x 10-12 erg) seem just small enough to let steric repulsion overcome van der Waals attraction. The close competition between the two interactions may explain a number of otherwise contradictory findings : Lecithin in plenty of water forms giant vesicles which do not stick to each other [13, 17, 18] . Similarly, well-ordered egg-lecithin multilayer systems take up water without limit [19] . On the other hand, disordered lecithin-water dispersions display a socalled equilibrium spacing of the membranes [20, 21 ] . Unilamellar lecithin vesicles do cohere if one [8] or both [18] of the membranes are slightly stretched or if they form very thin tubes, which first adhere to a glass slide [22] . We may infer that cohesion is absent when the undulations are fully developed, but is easily turned on by any factor limiting their amplitude, such as lateral tension or finite size.
The notion of curvature elasticity has also been applied to the surfactant layer forming the oil/water interface in microemulsions [23] [24] [25] [26] [27] [28] To maintain the surface condition we adopt (curl n)z as given by the r.h.s. of (14) which is of the order of (n2 + n2y)
x (nx,x + ny,y). Incorporating the components of the resulting vortex field into the r.h.s. will cause new violations of (2) which are equally corrected The infinite series of corrections making n curl n zero for a fixed set of k should converge rapidly, provided This is the limit of the weakly rippled membrane which shall be studied here. As the ratio of curl n to div n is of the order of n2+ n2
we will disregard curl n and the corrections required by the surface condition.
The total elastic energy of a rippled layer is where, according to (10) , (19) leads to (26) . dealt with Uq modes indiscriminately.
